The Unified Modelling Language (UML) is a language for specifying, visualising, constructing and documenting software systems. The UML proved to be extremely successful and it has achieved tremendous popularity making it the de facto industry standard for object oriented system development. As such, many researchers presented empirical studies on the practical usage of UML but as well criticisms for UML complexity, difficulty to be learnt, etc. Even though a large number of articles and books are devoted to various aspects of UML language, there is little evidence on how UML is used. This study attempts to identify the profile of persons using UML, to pinpoint UML diagrams that are being used and their effectiveness, to discover whether CASE tools are being used and to record the perceived usefulness of UML language. For conducting the study a survey was developed and it was distributed to mailing lists of Greek IT professionals and to university students. The findings indicate that UML is used successfully in the majority of software development projects and that most users perceive UML positively since it supports faster system building, development of higher quality software systems, and for specific cases, it leads to software development cost-decrease.
Introduction
The Unified Modelling Language (UML) was developed as a unification effort of different object oriented development methodologies originally proposed by Booch [1] , Jacobson et al. [2] and Rumbaugh et al. [3] . Immediately after its introduction, in 1997, UML was adopted by object management group (www.omg.org) and it became a software development standard. Several minor revisions (UML 1.3, 1.4 and 1.5) fixed shortcomings and bugs with the first version of UML, followed by the UML 2.0 major revision that was adopted by the OMG in 2005. The UML 2.0 specification is composed of UML infrastructure that defines the foundational language constructs required and UML superstructure, which defines the user level constructs required. To date, the latest version of UML is 2.4.1 and it is available through OMG web site [4] .
The UML is a language for specifying, visualising, constructing and documenting software systems. The UML notation includes diagrams that provide different perspectives of the system under analysis or development [5] . The UML diagrams represent two different views of a system model: the static view, which defines the static structure of the system; and the dynamic (or behavioural) view that elaborates the dynamic behaviour of the system by showing collaborations among objects and changes to the internal states of objects. Even though, UML is a general-purpose modelling language however its usage is not only restricted to modelling software, but it is commonly used for system engineering, for business process modelling and for representing the organisational structures.
The UML achieved tremendous popularity making it de facto industry standard for object oriented system development [6] . As such, many researchers presented works, case studies and empirical studies on UML application, but as well criticisms for UML complexity, ambiguity, difficulty to be learnt etc. [7] . Even though a large number of articles and books are devoted to various aspects of UML language, there is little evidence on how UML is used. According to Grossman et al. [8] , 'there is a critical need for further research in all areas relating to UML usage. Very few empirical studies have been performed to date'. This is the exact topic that this paper is attempting to address. More specifically, this study attempts (a) to identify the profile of persons using UML, (b) to categorise the projects where UML is being used, (c) to pinpoint the most used UML diagrams and their effectiveness, (d) to discover whether CASE tools are being used and (e) to record the perceived usefulness of UML. The nature of this study is a statistical survey based on a questionnaire that was distributed electronically to the Greek software development community and the results obtained can be used in order to understand how today software systems are developed. According to the study of Kostoglou et al. [9] , the majority of Greek companies (83%) employs up to 50 individuals, with only 10% of them to be considered as large enterprises with more than 100 employees, whereas their geographical range of activities is mainly national. The main activities of these companies vary considerably from service delivery to training, while information system development is considered as the third most important activity.
The rest of this article is structured as follows. Section 2 presents the related works and surveys on UML usage. Section 3 presents research questions (RQs) and research methodology. In Section 4, we present the results obtained on the RQs and finally in Section 5 we present the conclusions of this study.
Related work
Budgen et al. [10] in their study attempted to conduct a systematic literature review, aiming to identify empirical studies and publications on UML: model quality, metrics, comprehension, methods, tools and UML adoption. Up to the end of 2008, they have identified 49 relevant publications, and reported that 'researchers tend to use UML as a 'given' and seem reluctant to ask questions that might help to make it more effective'. He concluded that 'there are few studies of adoption and use in the field. As so many studies we have identified are laboratory-based, these do tend to be centred on one viewpoint, as well as relatively 'shallow' in the way that UML has been used'.
Batra [11] in two special issues of the Journal of Database Management studied the 'The past, the problems and the prospects' and 'Cognitive issues in UML Research' [12] . In the preface of this special issue [12] , Batra presented a number of RQs related with UML usage: 'Are the UML constructs used formally with the support of CASE tools? Is the sequence diagram used to bridge the use case with the class diagram, or is it used to clarify the coding logic to the developer? Is UML primarily a way of communicating (i.e. informal), or a means to design software (i.e. formal), or both? Does it provide cognitive support to developers? Does it aid comprehension? Does it reduce cognitive load?'. Dobing and Parsons [13] studied the nature of UML usage with a survey that was promoted by OMG. In their study, 182 respondents have participated. Among these 182 respondents, 171 responses came from UML users, whereas 11 came from UML users that were combining the UML with other languages and methodologies. Among the findings of this study, it is worth stressing that (a) the UML users mostly use class diagrams, use case diagrams and sequence diagrams, (b) use cases narratives, activity diagrams and use case diagrams are the preferred means with regard to customer involvement and (c) class diagram, sequence diagram and state machine diagram are considered as the most useful for capturing technical aspects. Further, the study revealed the main reasons for not using some UML diagrams. For example: † About 50% of the respondents said that class diagrams and 48% of the respondents said that activity diagrams were not understood by analysts. † Use case diagrams have insufficient value to justify development cost and their usefulness for developers is limited (42%). † Collaboration diagrams capture redundant information (49%). † State machine diagrams are not useful for most projects (42%).
In a later study on the same topic, Dobing and Parsons [14] attempted to identify the differences in UML diagram usage on software projects including frequency of diagram usage, usage purposes and the roles of clients/users in their creation and approval. In this survey, respondents did not report particular usage problems regarding user-friendliness of UML; they were more concerned with missing modelling features of UML such as support for user interfaces, security and database design etc.
Lang and Fitzgerald [15] studied the use and the adoption rates for UML constructs for web development and reported that the usage of use case diagrams/scenarios in their development projects is 72%, class diagrams is 62% and state diagram is 50%. Even though the reported usage is quite high, other techniques such as screen prototypes (97%), flowcharts (95%), storyboards (85%) and entity-relationship diagrams (74%) have proved to be more popular.
Grossman et al. [8] studied the adoption and usage of UML using the task-technology fit (TTF) framework [16] . TTF links performance with the fit between the task being performed and the particular type of technology being utilised. In their study, three main RQs were addressed: (a) Do individuals who use the UML perceive it to be beneficial? (b) Does UML provide a TTF to individuals who utilise it? (c) What are the characteristics that affect the UML use? In this study, a sample size of 131 UML users was obtained and the analysis revealed that the users surveyed had a positive perception of UML since they viewed the UML as accurate, consistent and flexible enough to use on development projects.
Industrial case studies and surveys give empirical evidence that individuals use UML in many different ways (even within the same project team). In the study of Lange et al. [17] , participated 80 software architects, coming from different application domains, and having a different job profile, it was revealed that participants mostly use UML to define the 'use case view' and the 'logical view' of the system under development (according to Philippe Kruchten '4 + 1 view model' [18] ) and that their adherence to the UML specification is rather loose. In the same study, it was suggested that UML practices should improve in areas such as: modelling uniformity, modelling standards, development of project specific reference architectures and patterns etc.
Wrycza and Marcinkowski [19] in a student questionnaire where 180 students participated proved that the complexity of teaching and using UML is high since more than 90% of the students have a preference for a lighter version of UML 2.0. The students assessed the user-friendliness of the diagrams, finding use case and class diagrams as the most users' friendly, whereas specialised diagrams like 'interaction overview' and 'composite structure' were considered as the less appealing. Four diagrams were selected as the diagram of a light version: use case, class, activity and sequence diagrams. It seems that for most projects, a 'light' or limited version of UML will suffice. Similarly, at the national level, Peneva et al. [20] investigated the utilisation of UML in Bulgarian small and medium companies as a modelling language that facilitates the construction of traceable models. The goal was to evaluate the current practices as well as the needs for UML training. Their study concluded that in most cases UML is not properly used in the software industry and more UML training is needed with more emphasis on methodological issues.
A different approach was used by Gu et al. [21] Table 1 .
The aim for conducting this research stems from the fact that no studies were developed during the past years on how UML is used, neither at international nor at national level. This type of study will offer a valuable insight on the most used UML diagrams, on the type of projects where UML is used etc. knowledge that can be used for UML curriculum development and for more focused UML training.
Research methodology
The approach that is undertaken for this study comprises two components. The first component is a literature review (Section 2), and an exploratory survey. The literature review is necessary in order to establish a comparison framework with results obtained from similar surveys on UML usage. The literature review on UML usage led us to formulate the following RQs: † RQ1: Which is the profile of persons using UML? † RQ2: In what type of projects is the UML used? † RQ3: What is the usability and effectiveness of UML diagram types? Batra [12] The need to study UML usage has been identified Position paper A set of RQs on UML usage Dobing and Parsons [13] A UML usage survey, mainly focusing on the usage of UML diagrams
Survey promoted from OMG with 182 respondents
Findings include which are the most used UML diagrams, the purpose for using UML diagrams, reasons for not using UML diagrams etc Dobing and Parsons [14] A UML usage survey focusing on differences on UML diagrams usage on software projects
Web-based questionnaire survey, involving 171 respondents Differences were found on UML diagrams usage including: frequency, the purposes for which they were used, and the roles of clients/users in their creation and approval. System developers are often ignoring the 'use case-driven' approach Lang and Fitzgerald [15] To explore what processes, methods and techniques are currently being used for the design of web systems Study on the complexity of UML modelling and investigation of a 'light' UML version A student questionnaire where 180 students participated
They proved that the complexity of teaching and using UML is high and they proposed the introduction of a 'light' UML version Peneva et al. [20] Investigated the utilisation of UML in Bulgarian small and medium companies A questionnaire that has been administered to more than 100 Bulgarian small and medium enterprises (SME)
The UML is not properly used within the software industry and therefore training is required. The most important topic to be covered by the training is not the UML itself by the methodology to be used Gu et al. [21] Studies the factors affecting the IT adoption in the context of UML The research model is based on IT adoption framework and organisational culture theory. Further data were collected from 251 North American organisations
The proposed research model on the adoption of UML is validated † RQ4: What is the perceived usefulness of UML language? † RQ5: To what extent are CASE tools used?
The developed questionnaire was composed of 24 questions and it was organised in four sections. The first section included questions that were related with the profile of the individuals who participated in the study. Participants were asked about their education level, their experience and their current job. The second section assessed the projects the participants they have worked on: the size of the project, their role in the project, the type of system that was developed and the application area of the system. Since most participants were involved in more than one project, they were asked to describe 'the most representative UML project', they have worked on. The third section in included questions related with UML usage. It was asked how UML was used in projects where users had to select between 'never, not often, in some cases, frequently and always' for all of the subsequent cases: (a) for model driven development, (b) to explain business needs and business processes, (c) to perform analysis, (d) to perform design, (e) to generate code and (f) to develop test cases.
In the following questions, the participants were asked to describe which of UML diagrams were used in their projects and how they perceived their usefulness. The diagram types that were presented were: activity diagram, class diagram, collaboration or communication diagram, component diagram, deployment diagram, object diagram, package diagram, sequence diagram, state machine diagram, timing diagram, use case diagram and use case narratives. Subsequently, it was asked to define for which task, and at which life cycle phase UML diagram types were used.
The last part of the questionnaire collects various questions related with the use of CASE tools to support software development projects, with the usage of mechanisms such as UML profiles [22] , system modelling language (SysML) [23] , business process modelling notation (BPMN) [24] etc., the perceived UML usefulness and the benefits that are achieved from UML usage.
The questionnaire was made available online for a period of two months in May and June 2012, via Google Docs © and the URL was distributed to mailing lists of Greek IT professionals (http://www.computer-engineers.gr; http://www.epe.org.gr) and to Hellenic Open University (http://www.eap.gr) students and graduates. The sampling approach used was purposive sampling [25] since we wanted to deliberately select particular subjects for the survey in order to increase the likelihood to produce useful and valid results.
It is estimated that approximately 1000 users received the questionnaire; however, it is not possible to report the exact number of recipients. The questionnaire was answered by 91 individuals, giving a response rate of 9% which is considered as acceptable for this type of exploratory surveys. Although 9% is considered low by the standards of traditionally administered surveys, this is considered acceptable for a web-based industrial survey, where response rates typically cluster about 4-6% [26] . On a similar study, Grossman et al. [8] reported a response rate of 10.91%. The issue of 'acceptable' response rate is complex since there is inevitably a high degree of wastage with these surveys (it is impossible to exactly determine the number of e-mails actually arrived, given the spamming algorithms operating in different mail systems) and therefore the calculation of 'response rates' is inconclusive in most cases. The above argument is supported and extensively analysed in the study of Sivo and Saunders [27] , who studied the response rates and the validity of inference, in IS questionnaire research.
Two couples of similar and two couples of contradictive questions were incorporated in the questionnaire, in order to examine and secure the reliability of the answers. Those who had more than two mistaken couples of questions were considered that had completed the questionnaire without giving particular attention and therefore those answers should not be taken into account. However, none of the questionnaires contained more than two mistaken couples of questions. The questions used mostly a Likert like scale and they were analysed in a quantitative way (5-points scale) for producing descriptive statistics [28] .
To compare the actual usage and the perceived usefulness of UML diagrams, Wilcoxon parametric test was used [29] . The Wilcoxon Signed-Rank test is a non-parametric test used to compare two matched samples and for assessing whether their population mean ranks differ. It is equivalent to the dependent t-test, but it does not assume normality in the data and therefore it can be used when this assumption has been violated.
Further, SPSS software package was used for running statistical test for identifying statistical correlations within the data. More specifically, it was used to compare the actual usage and the perceived usefulness of UML diagrams, using Wilcoxon parametric test.
Research limitations
Although the research addresses its aims and the RQs set, there are limitations that should be stated explicitly. The main limitation of the study is that the produced survey was administered only to IT professionals in Greece. As it has already stated, the majority of Greek companies are considered small and medium enterprises having as main activity, IT service delivery. Therefore the results that will be presented in the next section cannot be safely generalised at the global level. Secondly, the research approach followed in this study is mainly quantitative, which implies that it is very difficult to address the qualitative issues of the software development process, which constitute an important source of tacit knowledge. Finally, the response rate of this study can be considered as a limitation even though there is significant evidence that for internet surveys the obtained response rate is acceptable.
Research findings
Although the distributed questionnaire did not have any prerequisite for participation, all participants had UML knowledge. Concerning the educational level of the participants (Table 2 ), the study indicated that 47% of the population holds a Bachelor degree, 22% a Master degree and an 8% have a Ph.D. Graduate students were considered www.ietdl.org as already having a bachelor degree and therefore they were counted in the 'Bachelor degree' category. Concerning RQ1, the professional profile of the participants is presented in Table 3 and it illustrates that the population sample is almost evenly distributed in the three main categories of employment: working for the public sector, working for the private sector, self-employed, student or unemployed. Obviously, a number of students are working before graduation.
The experience of the participants in software engineering -in general -was delineated as novice (having <2 years of experience), moderate (having between 2 and 5 years) and expert (having more than 5 years of experience). Table 4 indicates that 49% of the participants could be considered as experts in software engineering. The percentage, in reality, is higher since 20 of the participants in this study are students and 10 out of 20 students stated that they have <2 years of experience. This outcome is important since it indicates that the questioned sample is rather qualified to assess the use of UML in software engineering.
Participants' acquired experience on UML was measured by the number of completed, or almost completed, software projects that they had participated during the past 5 years (see Table 5 ). According to the findings, each participant has participated approximately in 5 projects and the total number of executed projects for all participants is approximately 413 projects. Among those 412 projects, UML was used in 190 projects, which implies that 46% of the software development projects are using UML. In the similar study of Dobing and Parsons [13] , 'respondents reported having been involved in an average of 27 projects (about 6.2 using UML), over an average 15-year career (4.7 using UML) in information technology.' The resulted 46% rate, in this survey, regarding UML utilisation in software projects is significantly bigger that the 23% that was reported in the literature review. This divergence provides an indication that UML usage increased significantly during the recent years, since Dobing and Parsons study is based on data collected from March 2003 to March 2004 and it covers an average 15-year career. This can be explained as well by the facts that (a) the survey of Dobing and Parsons covers a fifteen years period, ending 2004, leads to a much lower usage percentage, since the UML was only introduced in 1997 and (b) results obtained in these two surveys are not directly comparable since they cover a totally different geographical area and generally a significant different population sample. The second part of Table 5 presents the number of projects, where UML was used in relation with the total number of software development projects. From analysing these results, we can conclude that 34% of the participants were solely using UML in their software development projects, since they applied UML in all their projects during the past 5 years.
The primary function of the participants with regard to the most representative UML project they have participated is presented in Table 6 . In this question, we have allowed to the participants to select only one answer, since the size of Greek IT companies is medium to small and most of the employees usually are engaged in more than one role. The results indicate that only few of the participants have roles directly related to software design and the most frequently found profile, in our sample, was this of the 'programmer'. A general conclusion that we can derive from Table 6 is that UML is used from all different IT roles, which implies that UML is a significant communication vehicle within the software IT community. Concerning RQ2, the majority of the projects where UML was used were: customer relationship management systems (23.4%), administrative systems (20.6%), information dissemination systems (17.8%), manufacturing systems (15.0%), data mining systems (13.1%), embedded systems (6.5%) and other (3.7%). At the same time, the majority of the software systems developed were either windows based (43.8%) or web based (42.7%), whereas only a few systems were for embedded software development or for mobile application production. Furthermore, in most of the cases, the development involved a new system (56.2%), the enhancement of an existing system followed (11.2%), Fig. 1 Histogram of actual usage of UML diagrams www.ietdl.org whereas complete replacement of an existing system was lower (10.1%) etc. The size of the described -most representative -UML project is presented in Table 7 . The percentages presented with regard to UML project size are consistent with the small software projects of the Greek market and with the small size of software companies [9] .
The UML application method is presented in Table 8 . In this question, we have done an attempt to identify the primary purpose for using UML. Questionnaire participants were presented with choices mainly to select for which phase of software development life cycle the UML was employed. In Table 8 , a scale for 1-5 was used, where number one represents the option 'never' and number five represents the option 'always'. The results show that UML is used mostly for software application design and less for producing code and for specifying test cases. However, it is not possible to derive from Table 8 information, if another language or method was employed, whenever UML was not used, since this information was not included in the questionnaire.
One of the most important questions (RQ3) of this study was which of UML diagram is considered as the most useful in the software development process. According to the findings, the 'class diagram' is the most popular type of diagram, since 83% of the users are using it in some of their projects. The second choice is the 'use case diagram' scoring a 75% and the third is the activity diagram with 70%. The less used diagrams are the 'package diagrams' (27%), the 'timing diagrams' (30%) and the 'state machine diagrams' (29%). The fact that the vast majority of software projects (75%) that are considered in this survey, are characterised as 'very small' and 'small', obviously affects the usage pattern for these three diagram types, since these diagrams are mostly used in large and complex software development projects.
Similar findings are reported in Dobing and Parsons study [14] , where 'class diagram' is the most frequently used component with 73% of respondents saying they were used in two-thirds or more of their projects, followed again by 'use case diagrams'. In Lang and Fitzgerald [15] study, that studied web development projects, reports usage for 'use case diagrams/scenarios' 72% and for 'class diagrams' 62%. The findings are presented in detail in Table 9 and in Fig. 1 .
RQ4 concerning the perceived usefulness of UML language in relation with its actual use is presented in Table 10 . In Table 10 , the variable with prefix PERUSE represents the PERceived USEfulness of each different UML diagram that is compared with its actual use. From Table 10 , in the first row that refers to the activity diagrams, we can see that ten participants have lower perceived usefulness score in comparison with the score for actual use, whereas 22 participants consider that the perceived usefulness of activity diagrams is higher than the actual use. Similarly, we can interpret the data presented in the subsequent rows.
To test the hypothesis that
We need to test which of the results represent a statistical significant difference. A confidence level of 95% was used which implies an alpha value of a = 0.05 although in practice alpha values of 0.1 (10%) or 0.01 (1%) are commonly used as well.
For our study, we have selected that the rejection region of the null hypothesis is for 'p-values' ≤0.05. In Table 11 , we can see that the p value is ≤0.05 for class diagrams, deployment diagrams, package diagrams, state machine diagrams, timing diagrams and use case narratives. For these cases, we can reject the null hypothesis, implying that UML 'diagram usage is different than perceived usefulness of UML diagram. For these diagrams that we have statistically significant results, the perceived usefulness is higher than the actual usage and therefore they should be used more (since positive ranks no substantial higher than negative).
In Table 12 , we present which UML diagram is used in each stage of a typical software life cycle. The main conclusion that can be derived from the obtained results is that UML is mostly used in the early phases of software life Fig. 2 . Concerning RQ5 and the adoption of CASE tools to support the use of UML, 71% of participants are using CASE tools, mostly for design -in 88% of the cases -and for analysis -in 84% of the cases. On the contrary, CASE tools for testing are used in 66% of the cases.
During the evolution of UML, a number of extension mechanisms were developed, and the language was customised for specific application domains. As such, the participants were asked (see Table 13 ) if they use these mechanisms (among the most popular available). A large percentage of the user group is not familiar at all with these technologies (e.g. SysML and XML metadata interchange (XMI)), whereas others rarely or never use (negative answers) them. Concluding the most popular mechanism is the BPMN.
In the question 'How do you rate the success of these typical recent UML projects you have participated?' users replied that 60% of the projects were successful or very successful and only 13% of the projects were unsuccessful. The rest of the answers were impartial.
Concerning the overall opinion of the users for UML, most users expressed positive opinions regarding faster system building (75%), for higher quality systems (73%) and for system enhancements' cost-decrease (72%). To the question 'if they consider the UML complex and difficult to use', 49% expressed a negative position (disagree or somehow disagree), 25% expressed a positive position (that they agree with the statement) and 26% an impartial neutral position. In Table 14 , the detailed results are illustrated. A scale for 1-5 was used, where number one represents the option 'disagree', number two the option 'somehow disagree', number three the option 'neutral', number four the option 'somehow agree' and finally number five represents the option 'agree'.
Conclusions
The results of the study demonstrate that UML, more than 15 years after its introduction, is still widely used. Even though the UML is so widely used, only a few studies can be found in the literature documenting how UML is used and under which conditions. In this study, we have attempted to contribute towards this direction and to document in what type of projects is used, which software development methodology is used, where each UML diagram is used, if it is perceived useful etc.
The survey was administered to IT professionals in Greece, it covered all areas of software development and all different types of systems (web based, windows based etc.). The findings indicate that, despite its limitations, UML is used in the majority of software development projects, out of the total amount of 413 projects that were reported in this study, the UML was used in almost half of these projects. Among the UML diagrams, the most popular is considered to be the 'class diagram', followed in popularity by the 'use case diagram'. The least used diagrams are 'package diagrams', 'timing diagrams' and 'state machine diagrams'. Findings indicate that UML is mostly used for analysis and design rather for coding and testing. Even though the UML is extensively used, UML extensions such as SysML, XMI are not well known and a large percentage of the user group is not familiar, whereas others rarely or never use (negative answers) them. In relation to the benefits from using UML, users replied that UML enables them to build systems more quickly; that it results in higher quality systems; that it helps to decrease the cost of enhancements to the system and they consider their UML projects successful or very successful. Finally, users declare that they will use again the UML in their future projects and they expect that UML usage will increase further during the next years.
The main conclusion is that despite the limitations and extensions needed, the UML is the only general-purpose modelling language that is an industry standard for specifying software-intensive systems, that is supported by numerous tool vendors, it is integrated within integrated development environments and at the same time is widely known and supported and the same time software development community recognises its value.
As next steps of this study, we indent to investigate how UML is used in relation with different project types and different job profile in an attempt to understand how UML is used in various domains and by various professionals.
